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Abstract 
An improved dimple image quantitative analysis method based on mathematics morphology was proposed. The developed 
method allows identifying the elements of the network of dimples of ductile dearing, determining their number, shape and 
specific share within the analyzed area. The efficiency of the method is demonstrated by the analysis of fracture surface of steel 
17G1S, taking into account their morphological characteristics, and its quantitative analysis was accurate, effective and 
convenient. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of Transbaltica 2015. 
Keywords: main gas pipeline; fracture; failure analysis; dimples of ductile dearing. 
1. Introduction 
It is known that the accumulation of dispersed damage in polycrystalline materials causes the process of strain 
localization under force loading. Thus, for pipe steels (17G1S, 17GS, 09G2S), which are used in the production of 
gas mains, one of the main types of in-service defects are scattered micropores. There are several methods and 
models that describe the origin and coalescence of micropores, which link their number and size to the parameters of 
power consumption and static fracture, in particular, the method of A. A. Lebedev and N. G. Chausov (Chausov et 
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al. 1991; Chausov et al. 1993), which allows evaluating the deformation loosening of materials. However, this 
approach is insensitive to the morphological parameters of pores and mechanisms of their coalescence. An effective 
supplement to it, in our opinion, is the fractographic analysis of ductile dimples. 
Contemporary methods of electronic microscopy allow for a fractographic analysis of fracture surfaces and 
identification of the geometry and dimensions of structural formations. However, the development of the effective 
computer diagnostic systems for the automated processing of the obtained signals based on formulation of a 
preliminary diagnostic conclusion about the surface condition remains topical (Maruschak et al. 2014). Thus, the 
development of the methods for digit recognition of the material fracture surface geometry is the basis of their 
quantitative analysis (Kosarevych et al. 2013). There are several papers, which describe the basic physical and 
mechanical preconditions for the identification of the images of fracture surfaces and propose a number of 
algorithms for the automated morphological analysis. However, the diversity of the dimple-like relief formations on 
the specimen fracture surface requires the development of new methods for the analysis of the advanced structural 
materials and the improvement of the existing ones, and is an essential and urgent scientific and technical problem 
(Li Xincheng et al. 2010). Particularly acute is the problem of the quantitative analysis of fracture surfaces of the 
long exploited materials and structures subjected to a combined effect of deformation and hydrogenation, which 
cannot be solved effectively without the use of the appropriate automated fractodiagnostic algorithms (Li Xincheng 
et al. 2010). The use of the modern computer technology in the systems of the analysis of the fractographic images 
greatly expands their potential and provides for a quick and objective evaluation of the condition of their fracture 
surfaces. 
The purpose of this work is to develop a method for the automated analysis of the form and size of pores based 
on the optical and digital analysis of the fractography images of steels and titanium alloys. 
2. Research technique 
To determine the mechanical properties of steel 17Mn1Si of the main pipeline “Kyiv–West 1” after 40 years of 
operation, specimens with diameter of 5 mm and a working surface of 25 mm were used, which were cut from the 
pipe in the longitudinal directions, Fig. 1а. The brittle factors, in particular, the hydrogenation of metal, increase the 
sensitivity of the mechanical properties of the service-exposed pipe steels to the dispersed damage (Konovalenko, 
Maruschak 2012). Therefore, investigations were performed under such conditions. 
The following test patterns of the long exploited gas pipeline were used (Maruschak, Konovalenko 2015; 
Nykyforchyn, Tsyrul’nyk 2009), Fig. 1b: 
I) static tension; 
II) preliminary hydrogenation of specimens and testing under static tension in air. This pattern allowed 
determining the effect of the internal hydrogen (absorbed by metal) on the mechanical behavior of the steel;  
III) preliminary deformation to εpr = 6%, hydrogenation of specimens and testing under static tension in air. This 
pattern allowed determining the complex effect of deformation hardening and hydrogenation on the mechanical 
behavior of the steel;  























Fig. 1. Scheme of cutting (а) and pattern of testing of specimens (b):  
Pd – plastic deformation (εpr = 6%); Н – hydrogenation; ST – static tensioning. 
Prior to hydrogenation, specimens were subjected to chemical degreasing in water solution, the composition of 
which is given in Table 1. This was done for 30 minutes at 80 оС. After that, specimens were washed in hot water 
(~40 оС) first, and then in cold water (~13 оС). 
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Table 1. Composition of the solution for degreasing the surface of the investigated specimens of the long exploited steel 17Mn1Si. 
NaOH, g/l Na2CO3, g/l Na3PO4, g/l Na2SiO3, g/l 
30 30 40 2 
 
Electrolytic hydrogenation was performed in a solution of H2SO4 (pH 4) with the addition of 2 g/l of stimulator – 
thiourea – at a current density of 5 mA/cm2 and a temperature of 25 °C for 25 hours. The acidity of the solution 
eliminated the problem of corrosion damage of the specimen surface. The recovery of plasticity characteristics of 
the steel after hydrogen desorption from the specimen held at a temperature of 100° C during the day indicates that 
with this level of current, irreversible damage caused by hydrogen does not occur in the process of preliminary 
electrolytic hydrogenation. During the tests, loading efforts and longitudinal necking of the specimen were recorded 
using strain gauges. Fracture surface was investigated using scanning microscope REM 106 I. 
3. Preliminary processing of the initial image 
Figure 2 shows dimples on fracture surfaces of specimens from steel 17G1S investigated under the test pattern 
shown in Fig. 1b, with the magnification of х1000, х1500 and х800, respectively. A preliminary analysis of the 
images of dimples shows that, in general, they are characterized by heterogeneity of the intensity of pixels 
distribution, which belongs to the dimples and their edges. In addition, the pixels of the areas, which belong to the 
dimples, have a lower intensity than those belonging to their edges. This creates preconditions for using the above 
images to identify the dimples and measure their characteristics. The complexity of the surface topography under 
study and significant deviations from the plane of shooting explain the presence of the areas with different 
“lighting” in the image, therefore, prior to searching for ductile dimples, the algorithm of the illumination alignment 
should be applied to the image. To identify the areas that belong to the ductile dimples, image segmentation should 
be performed, so that the areas of dimple-like formations belonged to one cluster, and the rest of the image – to 
another one. 
 
         
 a  b  c 
Fig. 2. Images of ductile dimples for specimens from steel 17G1s under the following test patterns: а – II; b – IIІ; с – I. 
4. Preliminary processing of the initial image 
Preliminary image I0, obtained from the microscope, is a grayscale image (Fig. 2). To align the “illumination” of 
various areas of the image, “blurring” of the image was performed by applying a low frequency Gaussian filter with 
a large-sized core, then a low-frequency component was removed from image I0. As a result of filtering, a general 
picture of illumination was obtained. An image with the aligned illumination Ie was obtained by means of removal of 
the obtained illumination pattern from the original image and its further normalization. 
The initial images I0 (Fig. 2) are characterized by a significant heterogeneity, therefore, the Gaussian filter was 
applied to them to simplify their morphology. The filter allows smoothing out minor fluctuations of the intensity, 
which makes further analysis of images and search for ductile dimples in them much easier (Konovalenko, 
Maruschak 2012). 
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Image segmentation into the zones of ductile dimples and the “background” (to which we attribute the remaining 
areas of the specimen surface) can be conveniently performed by using the binary conversion. Figure 3 shows 




Fig. 3. Distribution of the intensity of pixels for the background and the objects in the image presented in Fig. 2 а. 
Although the graphs are partly overlapped, forming a “zone of uncertainty” (in Fig. 3) this is a zone of intensity 
75 ... 140 pixels), a predominant number of pixels of the searched objects and the background form two separated 
continuous multitudes. The distribution limit was the “center of mass” of the zone of intersection of two graphs: 
with this approach, the number of objects wrongly attributed to the objects and the background of pixels will be 
approximately the same. As a result of segmentation, we obtain the image, in which black pixels correspond to the 
zones of dimples and white pixels correspond to the background (other zones) (Fig. 4). To obtain information about 
the size of dimples, image clustering was performed on the specimen. All interconnected (black) pixels were 
combined in a separate cluster. After sorting out the clusters by their size under the boundary conditions (too small 
and too large), we obtained a multitude of clusters, each representing a zone of the image, which is recognized as a 
ductile dimples. 
 
         
a b c 
Fig. 4. Ductile dimples recognized in images (Fig. 2). 
 
With a view to the quantitative evaluation of the recognized ductile dimples, their area fi , coordinates of the 
center of mass, equivalent diameter di and coefficient of roundness Kc were calculated. The fi area was calculated as 
the general number of all the pixels, which form the object. Based on the calculated values of the area, the 
equivalent diameter di of a circle with the same area was calculated for each object. To identify the degree of 
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approximation of the shape of corrosive spots to the circular one, the coefficient of roundness was calculated for 
each recognized object (Chausov et al. 1993). This coefficient takes the value from 1% to 100% and shows how 
many pixels of the recognized object are located inside the circle centered at the center of mass of the object with 
the equivalent diameter. It is found that the shape of small ductile dimples is close to the circular one. 
 
   
 Fig. 5. Diagram of distribution of the equivalent diameters  Fig. 6. Graph of variation of the coefficient of roundness of the dimples 
 of ductile dimples obtained for the image  depending on their diameter (for the dimples with diameter  
 presented in Fig. 2а. up to 100 μm2) for the image presented in Fig. 2а. 
Combining the adjacent dimples leads to a deviation of their shape from the circular one. In this case, a 
description by a circle as the parameter of the shape is not always justified. However, it should be noted that the 
prevailing majority of dimples is described by a circle with a high degree of reliability (Maruschak et al. 2015). 
Figure 5 shows a diagram of distribution of the equivalent diameters of dimples of ductile tearing obtained for the 
image shown in Fig. 2a. Studies have shown that the dimples with the equivalent diameter up to 4 μm are prevalent. 
For the image presented in Fig. 4а, 73% of the recognized objects have the coefficient of roundness ≥70%. The 
graph of variation of the coefficient of roundness of the recognized ductile dimples for the image presented in 
Fig. 2а is shown in Fig. 6. 
5. Conclusions 
The method for identification of the dimples of ductile tearing by means of processing of the digital images of 
fracture surfaces is proposed. The efficiency of the method is demonstrated by the analysis of fracture patterns of 
steel 17G1S, taking into account their morphological characteristics. 
The general structure of the program algorithm for obtaining, processing, analysis and documentation of the 
digital images from the viewpoint of digital defectometry is proposed and implemented. The algorithm of 
recognition of the dimples position on the images of the control areas of fracture patterns is developed and 
investigated. Using the proposed algorithm, the total area of dimples of ductile tearing within the investigated 
surface, as well as their number, size and coordinates are calculated. It is found that they are mostly of a circular 
shape, for the assessment of which the coefficient of roundness is introduced.  
The proposed method of digital analysis (fractodiagnostics) allowed obtaining the express information on the 
morphological features of fracture surfaces of steel 17G1S and provided the evaluation of the mechanisms of their 
failure. This is very important for the oil and gas industry, in particular, oil and gas mains, where unexpected stops 
are not allowed by the production technology, and the period of operation of the structure with technological 
microdefects is quite significant. 
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